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ABSTRACT 



PROBLEM TO BE SOLVED: To provide an electrically conductive film, a liquid crystal film, 
a photoelectric conversion film such as an EL element and a solar cell, and a functional 
film such as a polymer material. 

SOLUTION: A specified amount of carbon nanotube 1 is added to a solution of cationic 
lipid 2 and irradiated with ultrasonic waves. Thus, the carbon nanotube 1 is dispersed In 
the solution of the cationic lipid 2 through hydrophobic interaction to obtain carbon 
nanotube lipid dispersing solution. DNA 3 is added to the carbon nanotube lipid dispersing 
solution to combine a phosphorous acid anion of the DNA 3 and cationic lipid 2 therein in 
the equivalent ratio 1:1 by electrostatic interaction. Thus, a matrix complex which has a 
lipid/DNA complex as the matrix and contains a cartx>n nanotube/lipid/DNA complex is 
obtained, and the obtained matrix complex is formed into a film. A conductive network of 
the cartDon nanotube is formed and the DNA double-strand structure is maintained without 
destruction. 
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[ a « a 1 ] 

^aiu. »;n7Msa[ t sg«u . aijX'ttffls:*^ ffl c j: ^ * f ^ > -ttiis SpKsm^ ic - 

DNA<?>'>i >ffi7z?r>>:*-3f>:^ / f 3.-7 ■ flSH«^fiX)fif<?>*^^>'ttie*5>:t 1 

y *-/l^>:^/ya-7•/BSS/DNA^*^ftt§*l|-2T h 'J y 

■i 7 ^ ji, u^Wfb ^ lb - ^ y ■:>■ y f 1 - r Q & ^ ^ V i- - 'p ti' ^^f^ ^ ^ SDN 

A<9-l'i1t>C«ltt^5l!i«^*l-^l^<*l^^*l''^l'^'^''^®'^' SeSlf'ttS-7l?>:^^ f 
a-7'/BSK/DNA^Sei$S^YKyy:7XS^^*7-f;UA. 

[ sS ^ Jl 8 ] 

Si<*^fillCiCl5ir*l« -H - is: y :t J 1 - yo)&^ y K 7 - 5 tfrffJSK r *l T 11 jjK^m 
ift. SB^Jt'S, ig,ae|oHb*-7Pr>;^/fi-7-/fllS/DNA«^^*S*YK'Jy5X 

S •& tt^ 7 ^ . 
[ sf >K JS 4 ] 

§S5l?Jl1 71)14<?)l)r*lJMClEtt<?)7 ^ 
[ iiS >^ Jl 6 ] 

|gDNA;yf> 5^^SDIMA. ■^SlfDNA, ^«RNA. -^SXIRNA, DNA/RNAA'f7- 
'Jyh', ?yj;2>DNA - RNA>;*.3'h97Z^>'l£iil«'^^'Jti?Sf3tAiiMW*l3'><>^t 
1 S<9DNA-?i?)ia5KJSl 7514<?)UritXA(ClB«!<?)7 )\^ U . 
[ Si 5K Jl 7 ] 

y t ^ f 1 - y >i l 'Z 0 ■ 5~10. 0Mfi%Q)eHlC^?a5KJll7S16Ci)l)r*V»IC 
IE <J! <?> 7 A . 

[ a )K Ji 8 ] 

-IS^y -r J ^a-7"t«^KirttT*-7Pr>:^>' ^1-7* • SgS*fiXJfit#« DNAt^^ 
TDNA0U>ll7Z^>'i;*-a?>;^ / fi-7* • BgM*SX)S+ci)3ji'^>ttB8H>it 
1 5r^l <i)^lJt-?l&^«)ffl£i^SC<i;';«S6^ttT)3iM/DNASe^$tY 'J v C^X^i: 
U. t-3?>:^/fa-7-/SiH/DNAa^fttS*t^YK 'Jy!? 7^ft^tft#. # 
i4tl*.Yhyy7X«d<*t7-f;UZ^S)i;?Kr3C'i:J;'J5i';. :&-7lC>;»-y?a-7"<?)te 
ig;}:^ ^7-^7S^r^5)^r^^> |gD^JA<?)-S^tt^«^i^ff^fi«^r^^rlC«^f^4LTl)^7X 
^^ift. S5^1ttti?-/K>;'- y ^a-r/flSS/DNA^SeftS^Y h U y ^X^S^ft 
7 h U^O'^^mk. 
[ siS 5K Jl 9 3 

a3KJS8lEt^;07^;^/.tr^c-^:Sl^cs^^^^?u>:J;';«';._DNA<?>-a'J1^^ 
, ^^UKtt) - My i- J fJ.-7•/fteH/DNA^se^^s#Y h u y 5x^s^ft7 
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[ S >K Jl 1 0 ] 

immjk} 1 ] 

|g3?-7^:>:^y5'a-7•^J^mS:»-^>:^>'^a-7•-f«?>Z8l5KJI875l10<?)^)r^^» 

icie «J! <9 « & :^ ^ . 

C if >K 1 2 ] 
[ a ^ JA 1 8 ] 

SDNA«fajUJl6ICBEtS!<?)DNA-fi>)2a>KJia7iiEl 1 <?)ur*l»ICEiS!QSit:53i 

e 

[ fg <9 SB « Si ] 

c 0 0 0 1 ] 

^fBBHtt. :0-7lC>;^/fa-7'/flSS/DNA^t^ft-flSS/DNAlt^»ii^7-f;U 
[ 0 0 0 2 ] 

;i;-ac>:^yfa-7't7^;i'/A<b-r?-^»vuT, 8ma,i lyiitt, j-aoz^yf 

a-7-<?)®»)fit7K'Jxh77>U:?|-DXfl/> (PTFE) 7-f;U^'-IC3itUV-?« P 
TFE7-^;^9-±C^o^*-7l?>;^/fa-7•tSB^}f'^<^)7^^^/^>:UT^lTll 

3 (Science. 280. 1 253 Cl 998) ) . o) 7 ^ )l Ltum^i^^ ^ < ^ 
[ 0 0 0 8 ] 

-7'»fE'&rii;fe7-f;UAtrFfl?U-7Ul (AoLv. Mo-tei^. 7. 489 (1 995 

-7"tiS-&UT^}t^*±ic+i'Xi- b« )^ju-?®^t^fgrtt7c^ic<fc';7 ^;uz.t*i 
r . js,-s-j-7h'Jv'?7.Q>n^»^t)ii-z<ji7mf&»hz. 

[ 0 0 0 4 ] 

Ci«sitgi>?ir?*.d;)<3>?a] 

;*;f6BHtt. !61Q««C3VUT> S ?X ft 3V J: *l5X * t * t ^ ^ f ^ > -tt BS H 7X ® )fi + IC 

iS;&f^>'ttBSH?K^m+lc:&-7lc>;^ / fa-7"t«^»fttT37-7t?>:^>' fa-7' 
|j8H*IX5fit#^ DNAtiDitTDNA<i)'J>ffif7z:^>"i;*-/lC>;^/fa-7* • BSS 

Z . B8H/DNA«^^*tYh'Jy5Z^L, ;!7-7F:>/yTa-7'/SS«/DNA^^ 
f^tS^tlYK 'Jy5Zaftfft7<;U/^E5fr#UT«U> :t}-:^y:t^fj.-7-<Dhim 
t V h 1 - 9 tfWf^t il. mi) H A<i>-M. ^ -it /Lm&lf^^t ilT tCi^nt tl-Z I) Z jK^ 
^tt, nE%ni&1t}-7S:yt/f a -7-/ffiM/ D N A^efl^S* Y h y y Z^S^^*7 
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C 0 0 0 5 ] 

mil} f ^ y &.^1i7Kmm'¥ (Ci) -7i:y :f / f 1 - r t -a-mt :t) - 7i:y :t y f 3. -r 
■ BiH*K5Rt*l. DNAtiDiJ.TDNA<i)'>»>B$7Z?r>"Ji*-ac>:^y fa-T" ■ US 

/DNAft^fttT K 'J y!77>;U, H - y t / fa-r/fiSM/DNA^Sett^tS* 
r 3 Y t- 'J y 5 Z^t^lt t il . #Hft;feYh';y7 XS^^* t 7 ^ Jl. ff? t ^ C V <fc '-I 

« . It) -Ti^y :t J f X -r <i> V h '7 - 9 ifm^t ti . n a<<) - s tt^«& 
^r^ic-^^i^iicMi^-r^c'iij^'J^'K DNA<^)-s^■t^^lStM^t:^l5cacl6J7■tt2 

i&IEIfiHb*-/l?>;^ y ^ a-7-/IISM/DNAS6«;S*Y h 'J y !7 Zfi^ft 7 ^ 
[ 0 0 0 6 ] 

c fe ?8 Q © ff0 ] 

iwt I) w M ^ - y :f / fi-rufnthi). 

i T 4 y ^fun.TlF.^m'^ \;c%)Dt ill lb - TRy t J Ti-r^St*. y h u y 
ic^^uTO. 5~io. 0 as %<i)eH c 5) 7 . 

C 0 0 0 7 3 

:*^f6Bfl-?^fflr*LZ:&f^>ttlSM0:. TIE-M^ (1) , (2) (3) ^ 

a— e — b — d — c "'(l)-. 



a — e 

>b-d-c (2) , 

a — e 



a — e 

>e-b-d-c (3) 

a — e 

^□7;u + ;us« 7;u=t=i/>»«y<<)Bi!7XSaj«>t*u. fcia. HJii (BJft) 

3f)U. 7xZ;uS, 7V*'^^>-t2'>S, ;^75'1/>S. >/*7xZ-/U7V>>: 
f>S, C7xZ-;i/S. :t 7 ^ U y^^ 7>K7H2>S. CL/^SSVt^O. ctt, 
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:?f + -y- H las)?* t * u . ett. itiD«<isffi'SS-?y> . x x x ;i/ ^7 ^ k s t ^ t . ) 

[ 0 0 0 8 ] 

TIS-M^ (4) : 
c - f - c ( 4 ) 

C 0 0 0 9 ] 

7't37 f<f>eJiS7X^)fil=ciU-n:«-sxr-tt^:^»-?i?)3Pt'>i!»cl?R^r*T,? t<9-?s 

uiif. -gy^l* A Z S y z ir- - t Sffl U T , Ji^C4)ja&i£S«*#T tan, ? . 

^fe^*DNA« e-OVfllifllDNA. -y-ira^S«DNA«V0^^DNA ; (dA) 
. tK'J (dT) . /TvU (oLG) , tK'J (oLC) . tK'^ (gLA-cLT) . tK'J (<iG-dC 
) «y ICiDitTftSK^IC J: o T^S)e-??= 1 . il S E 51J © S 2 « ^ © D N A ^ ^ <9 ^ D 
NA . Y'^Xfl^M^^RNAeycp^^RNAi/lvU (A) , /K'^ (T) , Tlt'J (G) , 
tK U (U) . y (A-T) , 'J (G-U) 5iy ICAQ^ T^PIC^IC J; ^ T^^-? Z « 
JfefiE9U0SS2ja^ti>RNA5iyci)ft)3?RNA:*U (oLG) -/KU (U) . tK'J (G 
) -tKU (oLC) , Tlt'J (oLA-oLT) -tTv'; (A-T) 55yci)DNA/RNAyW7-'J 
yh-|CA];LT^E5?aiCJ;^T^B)?U*.ffl«l«llI»>5tt*r2DNA/RNAA^7-'Jyh' 

a 

[00 1 0 ] 

mlZt) - l^y t J f x-7 ■ SSS«^«)a>:±iEDNA«?)?X?S)fi^tfli iift-r^C^CJ; 
'j. DNA©U>BS7z:?r>C5r^UT;&f;?r>'^iiKt^1*^1'i>^»-fc"?^S^'^' ISM/ 
DNAffi^fttY I- U y U, / fa-7'/fl8H/DNAS^<$§*T f- 

±15 7 I- U y 7Z«[6ft'f<i):0-a?>:^ / ^ a-7'/flSM/DNAa^^$<Z)S*Sl3:. 3? 

;^ y y 1 -rojs >; u T . 0 T 0 . 5~ig. 0SM%©eHiciP)i. 

[001 1 ] 

±le*-7lC>;^ / f a-7-/8SS/DNA^^ftS#Y K U y 5 X^^ft^^J%K^7'l/ 
Xa^jyiCJ:';7^;U/x5^r#UT*-7K>:^/fa-7'Qe^^yf-7-i7t^?KEem. 

^!DNA<^)-s>^■tt^«3tz^f«!l«^^l,rc«^fr^^Tl)2 3X/F^a. tiB^Jf'ii:&-/p> 

[00 1 2 ] 

%--S^y t J f 2.-7 y h7-92#fS^E)t^n.. igDNA©-m^■tt^mii^^^^« 

^tirC<*tfm,TU2 7X^S'^, Se^lttt. iaSe[SHb3?-7l?>:^>'^a-7'/igM/ 
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Coo 1 3 ] 

)f3ftt,»7'UZaiCJ:';?^filfnV$=0*-ac>;^y5'a-7/BSS/DNA^^ft§ 
/ ^a-r/BlS/D N Aft'&ftS* T K 'J y 5 XS^ft 7 ;U <i) <^ ^ t 
coo 1 4 ] 

ci^ ] 

(8WNT/CTAB/DNAffieftS*Y h '>> y 9 

^M1t)-sy:f-/f3.-r ait} - Tt; y :t / 7 / O - ifSl . X ^ 7 ■ mim } Z n n\ 
. ■SrSlum,>JkT8WNT^IB5-r) I0m9-ic, 9. 1rln?■/ml<i)^ + -!^7'v;^h'J 

^^;i^;i7^:g-e;2^7.QY^K (7;Uh-'Jyf«. j.)*.TCTABVIB&r)?K^)a40ml 

tiaxk,. cftic^M-f Axuy zy- 5- -tffluTjSSiSt 1 o^-^^it^ swnt© 

*&*tJfflZA<U^. 7 9 b*.e^. ^^T^MSifi ( 8 0 k H Z . 25 
W) ta^-^iiJSBSR^b. -t<?)«^AXSjSSiStlXi-*ZMt^. ^flS()at3500)-Pm 
-?55-^a;tVU. ±S5ftI51iRU*.. 5IC, aiBtl5iml<?)7K-?3fe^U, 3 5 0 0)-Pm 
-?5«'^IISa^l5.\UT±S5^tl5i'RU:fe.. 2o<9±S3ft$)fttt. :b-7Ky:)-jfi-y 

C 0 0 1 5 3 

*fe.Slfel^*5R<9DNA(z9^nS. 300oomS5ir)ti. om?/mic«3^ 

DNA<?>'J>ffi7Z4f>a5ffilC*itUTCTABt1. lSSSC^J;?ICBHilUfe. 3?-/!: 

>oticm bfe.ii>*.a:ist. 3 o o o r p m-? 5 ^a^^jt^tv o TiaiR u fe. isiiR u fe^^ 

T/HM/DNAa^ftSSY h U y 7ltd#<?)^e*&*t#;fe. 

COO 1 63 
»i&^J 2 

(8WNT/C1 0 - 4G-N"'/DNA^S^ft§*Yh'Jy57a^#<9Slfe) 
»&'B'J1IC3Vit?)i®CTABC$^'7, N. N. N-h'J>:f;U-N - (3. 6. 9. 

1 2rt-7^ + 1^h"D5/;U) ^^tZ-^ArOY-fh- (C, 0 - 4G-N'' YKt . nm 
¥8-28 9 3 ?8ielK<?)55&lUJ;';aJt) trai)3J-J*.?l-> S3£^5iJl >:Ill«?ICbTSWN 
T/Ci 0 - 4G-N*/DNA«'&ft§*YKUy!7 Xa6^*t#fe. 

C 0 0 1 7 ] 

Sili^J 3 

(8WNT/CTAB/P LGA^-&^*S*Y H 'J y 

^^km^ ica^itiDNAic^^T. 7z;*>'ttSi«^^-?if)3a{U7'Ji/^^>iS (plga 

vKt) tffluzj.i*>5h. Siitayi ^|5i«icutswnt/ctab/plga^s^^*s* 

Yh'Jy5X^^*^t#:te.. 
COO 1 8 ] 

(8WNT/CTAB/DNA^^^$S*Y h 'J y ^7 7^Se^*7 -f )l L,(Off^) 
mt ■[ 00um®a('><Xfl/>xl/7^U-K OlLTPET^IBft-r) 'y-HQ)±IC. fi^ 
}^0n»ffflllTUlii-?-5Oum0PETV-Kt*ttfe. C©V-K<Z)7v:i5:9'IC. 
<5'J17#fe. SWNT/CTAB/D N Afi^ft^* YI-'Jy7XSeft*&*t. JSl 0 
~1 5 tnf / on\^ iC5^^<fcTlcS[?=Sd;). ^<?)±lcJft1 00unn<i)PET^/-ht 
«it+fe. C<?)3ttlia<PPET5/-ht7-l/XaiuAtl. 7'l/Xffi*3 0MPa,. 7-UXja 
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me axis' 1 -s-my-u 7.1, ^. p e t v - 2^ 7 ^ ;u t sjt^ u . fewttic to 'j ai -r c 

[001 93 

(SWNT/CTAB/D N Aft^»3* Y h U v 9 X S'&ft 7 >il. <l) S ) 
±lB-??^5rb*.SWNT/CTAB/DNAa^<*^*T K V v 9 X^^»7 -ryiAtg 
<*^ICH£bTJV?. xf^l'7^D-;i'^ftt7^;U/xlCr'itC'i;iCJ;';7-f;U/.'?liS 
mtit)t. 7C0« ^ IC« U -? 8 fS« C« 2 * -?3^ W t 3 C >J IC J: . SWNT/ 

CTAB/DNA^fie^*S*T K 'J v 97^t^#Q>5il*7 )i 
*mtl*.8WNT/CTAB/DNA^te^*S*T I- U y 9 X^L^WMi^y i 

7"bT. DNA®-l^•tt^«Jt^^f^^l?■^^*.«^S-f7 ;^/*<^)M^^:6l^llci£l^lb-^l)^ 

coo 20] 

llli6^5'J 3 

»i&^J2-?»JiUfeSWNT/C, o - 4G-N"' /DNA^^ft^*Y '.J y 0 7.^ 

D NA^S^ftS* T H U y 5 XS^ft 7 ^U/*t JXt)-?. » J6 ^5'J 2 Y (S] «t 51 ^ * IC 

J;'JSWNT/Ci 0 - 4G-N'" /DNASe«:§*Thyy7X^SeftSi1*7-f;i/ 

[ 0 0 2 1 ] 

#mx;fc.8WNT/C, 0 - 4G-N^ /DNAS6^$:S*Yhyy:77,^^^$M<f7 

<f)iijk5naiiis^5"J2>:iis±iBi-<?>ia*Aif#iiti. KmmzYm^. DNA<^)-S'^t^^ 

%i4i^f^tlmfett^f97X^Stt, le^Jfitt. BffilS) 8 WN T / C 1 0 - 4 G - N 

/DNASe^fsSY h y y xis##7 ^ ;^/^t^f^i^*l*.. 

[ 0 0 2 2 ] 
Sli6^5'J 4 

(8WNT/CTAB/DNA1S^'I*S*Y K 'J y ZS-S^*® 7 4 )V U d) ^ i&VI- m 

) 

i^^S^UdJ)flJfe-l5'J2-?#fe8WNT/CTAB/DNA^-&^*^*Y K U y 
1^7-r^U/^tl 0^^S^$2J*bfe. mffi^?§li2:^300LimQ)<Ur# Affile. 

xf^i/j/UD-^utiSi^Sfiitt. ttr^it^^c?.-?, ±lE<^)7-f;^At7-f;^z^<9M^^^ 
^^^^*•77t^R■tt^ 5ijy7--?S5t.'C>:cj;V7-f;u/^tH£^fcu^. z <o 7 a )i 

^b«ffi t S 5 -G C -t! y K U « MSttMCU;fe. 1~2'it^<^. 7l^x>=y3>7^'yhlC 
VlllVUTT-DyHU. *S ? ^ ffi © iffi t 4§ T € ^ S t » ili U V C ?> . 3. 1 

8/om^i)?¥«<*cE«it-3{S»t4§fe. 

ffiffiU^DNA<5»«ri*^1 Q iixusd) Z Y Y t \C . 1t)-:^y:t/fi-7'<(>Stt1^U 

^^^^7 4 )v u n c t ^ - ^ y :>■ / f J. - 7- (i> & ^ ^ V f-7-5t^Mffcj:'Jiiie 

[ 0 0 2 3 ] 

nmm 3s%)z.7 4 }\. l m d nx in- ti . fiiiiB^j4V[5i««^acj:';«^tttiisufe 
Y-o i . ^mt z mnt^xi t . m^&» ^ . o s / o m y d y nmm y 
isgmt#;fe.. 7 4 )i L n fc t) - 7R y t / f - 7' o> & ^ t V h 1 - 9 tf mm t ii -z i) J t& 
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m-f^) 1 >i ^ X ^ ill . 
[0024] 

Si&^J3-?SitU*.8WNT/CTAB/PLGAa^ftS*T h V v i7Z^Seftte« 
t^m^tt. %mm-\ ^(filS«^&IC<fcV8WNT/CTAB/PLGAS^^$S^Yf- 

y y 5 xa*#7 -f t #te. iRu-t . %mmz\^^*iio^c ^ swnt/ct 

AB/P LGAfi^ftS^Y h '>> y :7Z«^ft5i1t7 ^ /U/^t^fe. SS5^5'J4>: 
|5|«55^»IC J: t U V C ?. , ■fiEffl t ? 7 Z > ttift^-^ t -Z t . 5^ 

SflfO. Z8/omVtl?IIJS^J4"^l3(?[Blti'5J)SSSt*lfe. 

7Z:^>ttiSi*^V*^?|->ttiSMlCJ:27K'J'f?r>D>7-l/y!7XtYf-'J 10 

y:7XCbT. *-ac>;^y?^a-7"/BiJi/DNAlS^^*<i)£^^y K7-5tff?5?t 
COO 25] 

. j-7ic>;^yfa-7'0EiDi:si£]V(asii:siP]-?af)ife4;), m's^m-ifnmm^ y it^\j ■ 

[ 0 0 2 6 ] 2° 

%mm\ -^mfty -f;uz^t«fflu*.w.i^i*. ii3ife^J4>:iDi«*:5^ic<i;v^m'i£tusb 

7-©e^;i^y h7-!7i*rJKEe?-tLTUl;fe.d;). llli5^J4>:(Sl«sSS*^^#'i+i;tt©v^ 

^ tl ? . 
[ 0 0 2 7 ] 
ik^^J 1 

Kei^S«<i>DNACzfD». 300001SS>it)t1. 0nn^/mlIC*^J:7lC7X 
C^*^U, DNA?K®5St»fe. D NA<Z) U >K7 Z 2f >i5flLIC*^ U TC T A B t 1 ., 1 
3S§t^J;TtCi3SU^CTAB7K^)glC. ±le<?>DNA7K^)St)STU;fe. »T<$> 1 30 

U*.. *l>*.a:iat, 8000rPm-?5«-^fi;IS.\UTlaliRO. laUR 
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